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Obicctives. The purpose of this study was to evaluate the long-
term prognostic value of ST segment depression on the electrocar-
diogram (ECG) in patients with soft myocardial infarction .
Background. The prognostic Importance of ST segment depres-
sion on the ECG has been studied in small groups of patients with
infarction, but larger numbers are needed .
Methods, Coronary care unit ECGs of 1,234 patients who sur-
vived the coronary care unit with acute Q wave (n = 896) or non-Q
wave (n = 338) myocardial infarction were analyzed for the presence
of ST segment depression. Patients were followed up for up to 4
years .
Results. ST segment depression was present in 607 patients .
Those with ST segment depression had a 1-year mortality rate of
10.3% compared with a rate of 5.6% for those without ST
segment depression (p = 0 .002) . This effect was seen in both the
Stratification of patients with acute
myocardial infarction
into high and low risk
subsets is essential for sound clinical
decision making. This is especially
important early, when
decisions concerning thrombolytic therapy
and acute me-
chanical revascularization must be
made (1) .
The presence of ST segment depression alone
or in combi-
nation with other electrocardiographic (ECG) findings has been
shown to indicate a higher long-term
mortality rate after
infarction (2-7)
;
however, although the value of reperfusion
therapy in patients with acute infarction demonstrating ST
segment elevation on the ECG has been clearly established, its
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Q wave and non-Q wave subgroups . Of the
437 patients with
anterior ST segment elevation, those with ST segment depression
in other regions had a 13 .6% 1-year mortality rate compared with
a rate of 6.9% for those with no ST segment depression (p =
0.0005). Of the 514 patients with inferior ST segment elevation,
those with ST segment depression in other leads had an 11 .0%
1-year mortality rate compared with a 1 .8% rate for those with no
ST segment depression (p = 0.0001). The Cox proportional
hazards model showed that ST segment depression was an inde-
pendent predictor of mortality over the follow-up period .
Conclusions
. ST segment depression on the admitting ECG in
patients with acute myocardial infarction is a predictor of in-
creased mortality in the year after infarction .
(J Am Coll Cardiol 1993
;22:361-7)
efficacy in patients with ST segment depression remains ill
defined (8-l1) . The reasons for this apparent paradox are not
clear. The Multicenter Diltiazem Postinfarction Trial (MDPIT)
enrolled 2,466 patients soon after acute myocardial infarction,
and a detailed analysis of the qualifying ECG was performed
.
The present report utilizes the extensive MDPIT data base to
examine the value of ST segment depression on the coronary
care unit ECG as a predictor of cardiac events and mortality
after hospital disciisrge to begin to understand these apparent
divergent responses to treatment.
Methods
Study patients.
The MDPIT was designed to evaluate the
prote .tive effect
of prophylactic diltiazem on cardiac events
after acute myocardial infarction. The details
of the organi-
zation of the trial, patient recruitment, follow-up, end point
analysis, data management and statistical
methods have
bevy
published elsewhere (12) . Patients at 38 hospitals
at 23
centers in North America were enrolled
between 1983 and
1986. The follow-up period ranged
from 12 to 62 months
(average 25) . Patients
from 25 to 75 years of age, who were
discharged
alive from a coronary care unit after enzymatic
confirmation of acute myocardial
infarction, were eligible for
0735-10971931$6.00
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enrollment. Acute ECG changes were not required for
admission.
Patients were excluded for any of the following reasons :
cardiogenic shock or symptomatic hypotension, pulmonary
hypertension with right ventricular failure, second- or third-
degree heart block, rest bradycardia, inability to take dilt-
iazem, WolffParkinson-White syndrome, high likelihood of
requiring cardiac surgery or presence of any noncardiac
condition associated with decreased likelihood for survival .
Of particular importance for this study was exclusion of
patients requiring or likely to require treatment with calcium
channel blocking agents for conditions such as severe angina
uncontrolled by other medications . The study group con-
sisted of the 1,234 patients randomized to placebo medica-
tion .
Data acquisition. Coronary care unit ECGs were coded
according to the previously published Manhattan classifica-
tion (13) . Two ECGs, one obtained in the coronary care unit
after the index infarction and the second before hospital
discharge, were obtained in 89% of the patients . In the
remaining 11% of patients, one ECG was used . The desig-
nation of an infarction as "Q wave" or "non-Q wave" was
determined by the development of diagnostic Q waves
during the hospital period . All ECGs were coded for both
diagnostic Q waves and ST segment elevation or depression,
or both, according to location : anterior (leads V2, V3, V4),
lateral (leads 1, aVL, V5 or V6) and inferior (leads III and
aVF). Posterior infarction required an RI .S ratio 51 in lead
V2. ST segment depression in lead V 2 associated with an
upright T wave was coded as posterior. ST segment depres-
sions were defined as deflections z 1 mm from the baseline .
Any coving of the ST segment consistent with a current of
injury was considered ST segment elevation .
A radionuclide ejection fraction was obtained in 87% of
patients during the initial hospital period . Chest X-ray films
were obtained in the coronary care unit and read by the staff
radiologists at each participating center . Pulmonary conges-
tion was considered to be "present" (reflecting mild, mod-
erate or severe congestion) or "absent ." Similarly, the
presence of pulmonary rales as recorded on the hospital
chart any time in the coronary care unit was used for the
variable "rales."
Patients were followed up at periodic intervals through-
out the trial according to protocol. The minimal follow-up
interval was 1 year, and the average duration of follow-up
was 25 months.
End
Points. The trial's primary end points, mortality and
first recurrent cardiac event, were verified by a four-member
committee that reviewed all available information . The
Hinkle-Thaler classification (14-16) was used to determine
mechanism of death from cardiac causes
. Criteria for non-
fatal recurrent infarctions were the same as for the qualifying
infarction, and all recurrent infarctions were reviewed by a
separate three-member committee . A cardiac event was
defined as the first occurrence of nonfatal infarction or
cardiac death.
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Statistical methods. Univariate relations were tested us-
ing the Fisher exact test, and event rates were evaluated
using Kaplan-Meier curves (17) according to SAS
LIFETEST (18), using the Wilcoxon statistic to compare the
two curves. The Cox proportional hazards regression model
(19) was calculated according to SAS PHREG (20) . The data
base utilized was version 3 .0, released February 1990 .
Results
More than 98% of the 1,234 study patients were followed
up for at least 1 year . Six hundred seven patients (49%)
demonstrated ST segment depression in one or more of the
four ECU areas: 151 patients (25% of those with ST depres-
sion) had ST depression in the anterior leads with flat T
waves or T wave inversion ; 436 (72%) had ST depression in
the lateral leads; 161 (27%) had ST depression in the inferior
leads, and 120 (20%) had ST depression in the precordial
leads associated with upright T waves representing posterior
ischemia . Three hundred one patients (50%) had ST depres-
sion in more than one area.
Of the 953 patients who had ST segment elevation in one
or more leads, 86% had diagnostic Q waves . Of the remain-
ing 281 patients without ST elevation, those with ST depres-
sion did not develop diagnostic Q waves 71% of the time .
The patients with neither ST elevation nor ST depression
had a 76% incidence rate of non-Q wave infarction .
Overall, compared with patients without ST segment
depression, patients with ST depression in any of the leads
experienced more cardiac events and had a higher total
mortality rate over the 52-month follow-up period (Fig . 1 A
and B). The odds ratio was 1 .6 (p = 0.004) for cardiac events
in the year after the infarction and 1 .9 (p = 0.002) for total
mortality for patients with ST segment depression . Evalua-
tion of postinfarction prognosis based on the location of ST
depression showed that ST depression in the anterior, lateral
or inferior locations was associated with increased mortality .
The posterior location (ST depression in lead V, associated
with upright T waves) demonstrated an event or mortality
rate similar to that in patients with no ST depression (Table
1) .
The prognosis for ST segment depression in patients with
or without associated ST elevation in a separate ECG
location is presented in Figure 2. Survival related to ST
depression in patients with anterior or inferior ST elevation
is presented in Figure 3 . ST depression was a significant risk
factor for late mortality whether or not ST elevation was
present . At 1 year there was a 5 .2% mortality rate in the 488
patients with ST elevation and no ST segment depression,
compared with a 10 .6% mortality rate in the 465 patients
with ST elevation and ST depression in another region (p =
0.0001) .
The effect was delayed but still significant in the absence
of ST segment elevation . The 1-year mortality rate was 7 .3%
in patients without ST elevation or depression and 9 .3% in
patients with only ST depression . The difference increased
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Figure 1 . Probability of survival after myocardial infarction (A) and
of survival free of cardiac events (B) in patients with (dashed tine) or
without (solid line) ST segment depression on the admitting electro-
cardiogram .
with longer follow-up (Fig . 1, p = 0 .0172). Subgrouping
patients according to the location of the ST elevation (Fig . 3)
showed that the impact of ST segment depression was most
striking in patients with ST elevation in inferior leads, where
the mortality rate after 1 yearr
was only 1
.8% in patients with
no ST depression compared with 11 .0% if associated ST
depression was present (p = 0.0001). A significant effect was
also seen in patients with ST elevation in anterior leads who
evidenced ST depression in the inferior or lateral leads, or
both. The mortality rate was 6.9% in these patients if ST
depression was not present compared with 13.6% if ST
depression was present (p = 0.0005) .
Univarlate relations ; ST segment depression and risk fac-
tors . The relations of ST segment depression to other im-
portant covariates for postinfarctlon mortality (7,12,13,
Table 1
. Site of ST Segment Depression in Relation to Death or
Cardiac Events in I Year
p= .0007
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Figure 2. Cumulative survival in the clinical subgroups without
(A) and with (B) ST segment elevation in any lead area, with (dashed
tine) or without (solid line) ST segment depression on the admitting
electrocardiogram.
21,22) is presented in Table 2 . There was a statistically
significantly higher percent of women patients ?70 years of
age, patients with cardiac symptoms (New York Heart
Association functional class >I) 1 month before the infarc-
tion, patients with rales during the index hospital period .
patients with radiographic pulmonary congestion, patients
with an average of >10 ventricular ectopic beats on a
predischarge Holler recording, patients with left ventricular
hypertrophy on the ECO and patients taking digitalis therapy
in the group demonstrating ST segment depression .
When mortality was calculated according to the presence
or absence of these clinical features associated with poor
prognosis, however, patients with ST segment depression
showed a higher mortality rate both in the presence or
absence of each of the features tested (Table 3). The odds
ratios for 1-year mortality rate and confidence intervals are
presented in Figure 4.
ST segment depression was associated with increased
mortality rate for patients with either non-Q wave or Q-wave
infarctions, increasing from 7 .2% for patients with non-Q
wave infarctions without ST depression to 9 .9% in patients
with non-Q wave infarctions with ST depression (p = 0
.026) .
In patients with Q wave infarctions, the mortality rate
increased from 5
.0% without ST depression to 10.5% when
ST depression was present (p = 0 .0001) .
Multivariate analysis.
The independent contribution of
ST segment depression to determining total mortality or
Patients
(no.)
Mortality
Rate
(%)
Cardiac Event
Rate
1%)
No ST segment depression 627 5 .6 10.3
ST depression site (ECG lead)
Anterior (V2, V3, V4) 15! 11 .5 17 .6
Lateral (Vs , V6, I, aVL)
436 10 .4 16 .5
Inferior (11, 111, aVF) 161 11 .2
16 .8
Posterior (V2 , V3) 120 6 .7 8 .4
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Figure 3 . Cumulative survival of patients with ST segment elevation
in anterior leads (A) andlor inferior leads (B), with (dashed line) or
without (solid line) ST segment depression in other leads .
cardiac event rate was evaluated using Cox proportional
hazard models (20) . Each of the variables listed in Table 2
was evaluated (18) to determine the univariate relation to the
end point total mortality and cardiac event (nonfatal infarc-
tion or cardiac death) rates. Previous infarction, pulmonary
congestion, rales, age >70 yeats, functional class >I, ejec-
tion fraction <0 .35%, history of hypertension, use of digi-
talis, peak creatine kinase <1,000 IU/dI, use of antiarrhyth-
Table 2. Univariate Relations Related to ST Segment Depression
*Holter monitor recordings were obtained in only 829 patients. ECG =
electrocardiogram
; LVH = left ventricular hypertrophy
; NYHA class = New
York Heart Association functional class
; ST J, = ST segment depression.
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Table 3. Relation Between ST Segment Depression and Mortality
*Number of patients with indicated variable . tl-year mortality rate
calculated from life-table curves
. *Calculated from Kaplan-Meier curve,
Wilcoxon statistic
. LVH = left ventricular hypertrophy (voltage and ST-T
criteria) ; NYHA class = New York Heart Association functional class
;
PVCs = premature ventricular complexes .
mic agents and ST segment elevation were all associated
with an increased cardiac event rate (p < 0.05) and were all
entered into the proportional hazards model for the cardiac
event rate. These variables plus left ventricular hypertrophy
were individually related to total mortality and were used to
construct a model for total mortality. Adding the variable for
ST segment depression in any location significantly im-
proved the model for cardiac events (chi-square increased
from 31 .71 to 43.33; p = 0.0007) and for total mortality
(chi-square increased from 29 .28 to 39.39 ; p = 0.0015) . In
both models, for cardiac events and for total mortality, ST
depression showed the highest individual independent rela-
tion to the respective end points (p = 0 .0007 and 0 .0015) .
Discussion
These results emphasize the increased risk for late mor-
tality and cardiac events in patients after a myocardial
infarction associated with ST segment depression on the
coronary care unit ECG. ST segment depression in any lead
group, with or without ST elevation elsewhere on the ECG,
was associated with increased total mortality and an increase
Clinical Feature
No ST J, (%)
(n = 627)
ST 1 (%)
(n = 607)
p
Value
Female 16.1 25 .7 0.000
History of hypertension 35.9 40.6 0 .090
Age a70 yr
9.7 15 .2 0.004
Previous infarction 26
.0 29.3 0 .203
NYHA class >1 14.5 22 .4 0 .002
Q wave infarction 70.8 74.5 0 .160
Rales above bases
37.3 43 .8 0 .023
Pulmonary congestion 16.1
25.1 0 .000
>10 ventricular ectopic beats/h* 13.0 21 .0
0 .029
LVH on ECG
0.6 3 .8 0 .000
Digitalis treatment
11 .8 16.3 0 .027
Fiection fraction <0.35
18.8 19.2 0 .877
Creatine kinase <1,000 IU/dl 53.1
49.3 0 .185
Clinical Variables
No ST J,
ST I
- p
ValuesNo.*
(%)t
No.* %t
Anterolateral infarction
249 6.8 138 13 .8 0 .0009
Inferoposterior infarction 176 2.9 307
8.9 0 .0004
First infarction
463 3.9 429 7 .8 0 .0001
Previous infarction
163 10.6 178 16.4 0 .0057
NYHA class 1
536 4.9 477 8.5
0 .0001
NYHA
class >1 91 10.0
130 17.0 0 .0392
Q wave infarction
444 5.0 452 10.5 0 .0001
Non-Q wave infarction
183 7 .2 155 9.9 0.0262
Female gender
101 5.0 156 10.4 0.0085
Male gender
526 5.8 451
10.3 0.0001
No hypertension
402 3 .5 360 7.9 0.0009
Hypertension
225 7 .6 246 13 .9 0.0001
Age <70 yr
566 5 .2 515 8.6 0.0001
Age >70 yr
61 9 .9 92 19.6 0.0320
No LVH
618 5 .5 583
10 .2 0.0001
No digitalis
553 4 .0 508 8 .2 0.0001
Digitalis
74 18 .0 99 21 .3 0.0427
No PVCs
373 3 .2 316 6 .7 0.0002
?10 PVCs/h
56 9 .1 84 16.8
0
.1197
No pulmonary congestion 391 4 .9 444
7 .9 0.0004
Pulmonary congestion 99
9.2 149 17 .7 0.0028
No rales above bases
391 4 .9 340 5 .9 0.0719
Rales above bases 233 6 .9 265 16 .0 0.0001
Ejection fraction ?0 .35 441 3 .9 437
5 .8 0.0012
Ejection fraction <0 .35 102
15.9 104 27 .9 0 .0021
Creatine kinase <1,000 IUldl
326 5 .4 290 14 .2 0.0001
Creatine kinase a:! .000IU/dl 294 5 .8 307 6.6 0 .0459
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Figure 4 . Odds ratios of I-year mortality risk with and
without ST segment depression for indicated vari-
ables. Width of bar represents 9`% confidence inter-
vals . CK
= creatine kinase
; LVH = left ventricular
hypertrophy; NYHA class = New York Heart Asso-
ciation functional class ; PVCs = premature ventricu-
lar complexes .
in new cardiac events over the 52-month follow-tip period .
Patients with ST segment depression were more likely to be
women, be aged }70 years, have ECG left ventricular
hypertrophy, have cardiac symptoms in the month preceding
the acute infarction, take digitalis, have clinical Tales, have
>10 ventricular ectopic beats/h and have congestion on the
chest X-ray film obtained in the coronary care unit (Table 2) .
All of these variables have been associated with increased
mortality after a myocardial infarction (21) ; however, ST
segment depression was an independent predictor for in-
creased mortality and cardiac events . When these variables
were evaluated using a Cox proportional hazards model (20),
ST segment depression was independently associated with
all causes of mortality or new c..rdiac events, or both . after
controlling for the other risk factors .
Electrocardiographic subgroups with ST depression . Sev-
eral investigators have looked at specific subgroups of pa-
tients with ST segment depression . Willems et al . (23)
showed that ST segment depression >2 mm in any of the
inferior leads in the context of anterior ECG ST segment
elevation was associated with an increase in mortality rate
from 6.7% in patients with anterior infarction without ST
segment depression to 14.3% in patients with such ST
segment changes . These investigators also showed a similar
effect in patients with inferior infarction with anterior ST
segment depression (23) . Our data support these findings :
We observed that patients with ST segment elevation in the
inferior leads had a much worse prognosis if they had ST
segment depression in the anterior or lateral leads (11.3%
1-year mortality rate) than if no ST segment depression was
present (1
.8% 1-year mortality rate, p = 0 .0001 ; Table 2)
.
Other investigators have shown the importance of ST
segment depression as a predictor of increased mortality in
selec*ed myocardial infarction subsets (5,6,24-27), Schecht-
man , al. (3) no: d in patients with non-Q wave infarction a
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marked increase in 1-year mortality rate in those with ST
segment depression ; 1-year mortality rate increased from
5.5% in patients with no ST depression on serial ECGs to
10.1% in those with ST depression on either admission or
discharge and increased to 22 .2% in patients with ST depres-
sion on both ECGs . In another study, Schechtman et al . (28)
found that ST segment depression was associated with
mortality at 3 months but not with later mortality . We
showed the importance of S T segment depression in major
ECG subgroups of acute infarction : anterior and inferior and
Q wave and non-Q wave subgroups
. In our study, the
difference in survival between patients with and without ST
depression appeared to increase after the Ist year
.
Willich et al . (29) and Hollander et al. (4) also showed a
poor outcome in patients with acute infarction presenting
with ST segment depression . Crenshaw et al . (30) showed
that ST segment depression was associated with a higher
prevalence of clinical risk factors (diabetes mellitus, hyper-
tension, previous myocardial infarction and older age) and a
higher mortality rate in patients who underwent coronary
angiography .
Coronary artery studies . Patients with left circumflex
coronary artery or branch occlusion commonly present with
ST segment depression (31-35) . Other studies have sug-
gested that ST segment depression is frequently associated
with extensive coronary artery disease . Sclarovsky et al
.
(36), in a small study of patients with unstable angina,
showed that 7 of 10 patients with ST depression and T wave
inversion had left main coronary artery disease
. Raunio et al .
(37), in an autopsy study, found that 89% of patients who
died with ST segment depression as the primary ECG
abnormality had severe three-vessel disease
.
Anterior precor'-sl ST segment depression . Anterior pre-
cordial ST segment depression in the presence of inferior ST
elevation has been extensively studied
. Ruddy et al . (38),
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using gated blood pool scans and thallium-201 perfusion
imaging, concluded that patients with this combination had
more severe wall motion impairment and greater hypoperfu-
sion of the inferior and adjacent segments than did patients
with inferior ST changes alone . This result confirmed and
extended the earlier observations of Shah et al . (5) and Lew
et al . (39) . Roubin et al. (40), in contrast to Lew et al . (39),
noted that patients with inferior infarction and associated
anterior ST segment depression had a higher incidence of left
anterior descending artery stenosis (36%) than that of pa-
tients with inferior infarction and no ST segment depression
(6%) ; their data, like that of Lew et al . (39) also indicated
that patients with single-vessel disease had larger infarct-
related arteries supplying the lateral wall as well as the
inferior wall of the left ventricle . Gibson et al. (41) and
Berland et al. (42) also concluded that the amount of
ischemia and infarction was greater in the patients with
precordial ST depression. The question of whether anterior
ST segment depression is associated with a worse prognosis
in patients with their first inferior myocardial infarction is
being analyzed separately using the entire MDPIT data base
(F . I. Marcus, personal communication .)
The difficulty of distinguishing between anterior suben-
docardial ischemia and posterior transmural
injury in pa-
tients with anterior ST segment depression was summarized
by Boden and Spodick (43) . The key role of T wave
inversion in locating the ischemia on the anterior wall or on
the posterior wall if the T wave remained upright was
emphasized. Our data emphasize the importance of this
distinction. "Posterior ST segment changes" in our patients
were associated with a I-year mortality rate <7%, whereas
"anterior" changes were associated with a higher mortality
rate (Table 1). If ST segment depression was associated with
ST segment elevation in the inferior leads, the 1-year mor-
tality rate increased an astounding six times from 1 .8%0 to
11.0% (p = 0.0001) .
Anterior infuetloa . A similar worsening of prognosis of
patients with anterior infarction was observed in the pres-
ence of ST segment depression . If ST depressioi was noted
in the inferior or lateral leads, or both, in patients with
anterior
injury reflected on the ECG, the 1-year mortality
rate was 13.8% compared with 7.0% if no additional ST
depression was present (p = 0.022; Fig. 3) .
Implications for thrombolytic therapy . Several studies
have suggested that thrombolytic therapy is less effective in
patients with only ST segment depression than in patients
with ST elevation
. In the Second International Study of
Infarct Survival study (10), 212 patients with only ST de-
pression were randomized to placebo or streptokinase ther-
apy
. In those patients treated with streptokinase, the mor-
tality rate was 18.7% compared with 18.6% for those
randomized to placebo
. In view of the work of Macdonald et
al. (44) and Yasue et al . (45), this outcome might be
predicted
. These investigators showed in separate models
that occlusion of an artery resulting in ST segment depres-
sion was usually associated with more severe underlying
JACC Vol. 22, No. 2
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stenosis and the frequent development of collateral vessels .
Conversely, occlusion of an artery without preexisting se-
vere obstruction would lead to a pattern of ST elevation.
Thrombolytic therapy would be expected to be most effec-
tive if lysis of the clot restored flow through a minimally
stenotic artery. The work cited suggests that ischemia pre-
senting with ST segment depression would be the result of
more severe coronary stenosis .
Conclusions. The increased mortality associated with ST
segment depression was observed in patients with both Q
wave and non-Q wave infarction and was seen in both
anterior and inferior locations . From the demonstration that
ST depression is correlated with multiple clinical features
associated with increased risk, as well as the available
anatomic and physiologic observations, we hypothesize that
ST segment depression associated with acute infarction is a
manifestation of more extensive coronary artery disease or
more widespread ischemia, or both . This could be the result
of multivessel disease or larger occluded infarct-related
arteries . Further characterization of patients with ST depres-
sion, especially the coronary anatomy, would be useful to
determine whether acute interventional strategies can be
utilized to improve prognosis .
We thank Arthur J
. Moss, MD, FACC for his leadership in the performance
of this study and helpful comments on this report and Frank I . Marcus, MD,
FACC for his careful review of the manuscript.
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